Objectives: Several studies have investigated the link between agricultural activities of open-field farmers and the prevalence of respiratory diseases, but the relationship with greenhouse vegetable farmers remains unclear. Methods: A total of 1,366 participants from four villages in China provided information about their agricultural activities and symptoms of diagnosed respiratory system diseases. The Poisson regression model and zero-inflated Poisson regression model were used to assess the association between diseases, symptoms, and agricultural activities. Results: The prevalence of respiratory diseases was 3.59%, and the rates of four main symptoms (cough, tachypnea, chest distress, and hemoptysis) were 17.21%, 8.56%, 10.25%, and 1.61%, respectively. Mix spray of pesticides associated with cough, tachypnea and chest distress, 1.740-, 3.385-and 2.882-fold likelihood were found than hand spray, and the significant association were detected in empty, general information, life-style information adjusted models. Conclusions: The relationship between agricultural activities and respiratory diseases is unclear. However, use of the mix spray method of pesticide application may increase the risk of cough, tachypnea, and chest distress.
Introduction
Respiratory diseases and related symptoms associated with agricultural activities were one of the first occupational hazards to be recognized. 1 The prevalence of respiratory diseases [2] [3] [4] such as asthma, chronic bronchitis, [2] [3] [4] [5] chronic obstructive pulmonary diseases (COPD), accelerated lung function decline, and organic dust toxic syndrome [6] [7] [8] [9] [10] [11] is higher among farmers than in the general population, which is a public health concern for greenhouse farmers because of their specific working environment. Major exposure conditions for these farmers include organic and mineral dust, 11 agricultural activities, labor intensity, 2, 12 and, most notably, pesticide use. 13 A study in Ghana showed that the use of specific pesticides is positively linked with respiratory diseases among farmers in open-air pastoral areas. 13 Further evidence from the American Agriculture Health Study 14 and a French study 15 revealed that pesticide use may increase the incidence of chronic bronchitis. Unfortunately, little direct evidence of the relationship between respiratory diseases and greenhouse farming is available.
Pesticides are extensively used worldwide in agricultural activities because of the need to feed increasingly growing populations of middle-income countries. However, the overuse and high exposure to pesticides among workers in developing countries have been reported. 13, [16] [17] [18] Data from the Food and Agriculture Organization of the United Nations showed that the average and sum pesticide usage in China was larger than that of other developed and developing countries. 19 Compared with open-field agricultural farmers, greenhouse farmers are more likely to have exposure to pesticides or their cumulative residues. 20 Moreover, the working environment of greenhouse agriculture has a high labor intensity that might impact on farmers' health. 21 In the northwest of China, greenhouse vegetable products play an important role in the daily lives of urban residents by ensuring a daily fresh vegetable supply in the city. 22 Therefore, this study aimed to evaluate the association between respiratory disease and agricultural activity, and to estimate the prevalence of respiratory diseases and their symptoms in greenhouse vegetable farmers.
Materials and methods

Study design and setting
This cross-sectional study was conducted in April and May from 2015 to 2017 in four cooperative villages (Yinhe, Wudu, Maosheng, and Heshun) located on the outskirts of Yinchuan City, Northwest China. This region has a temperate, continental climate. Because the nearby Tengger Desert can reduce annual rainfall and affect the natural agricultural crop yield, more than 60,000 ha of plastic greenhouses have been financed by local government 23 to satisfy the daily vegetable supply.
Source and study population
Our study population included all vegetable greenhouse farmers (both men and women) from the selected survey sites. One nonrepetitive team of residents was randomly selected from each village in each survey year. Participant selection criteria were that the citizen or their spouse had been living at their current address for at least 1 year, and that participants had been working as a greenhouse farmer for at least 1 year. All greenhouses were plastic polytunnels. The main vegetables grown in the greenhouses included tomatoes, cucumbers, celery, green peppers, and squash.
Definition of respiratory diseases and symptoms
Information about diseases and symptoms were collected for the previous year. The presence of respiratory disease was determined by the participant response to the multiple choice question: "Do you have any of the following system diseases diagnosed at a hospital of county level or above?" The response options included "chronic bronchitis", "emphysema", "asthma", "respiratory failure", "allergic lung disease", and "other".
Related symptoms were measured by four questions: "Have you ever had cough or expectoration for unknown reasons?"; "Have you ever had dyspnea or tachypnea for unknown reasons?"; "Have you ever had chest distress or shortness of breath for unknown reasons?", and "Have you ever had hemoptysis for unknown reasons?" The response options for all questions were: "never", "occasionally", and "frequently".
Participants with respiratory disease were defined as cases and those who reported no respiratory disease were defined as the control group.
Agricultural activities and pesticide exposure assessment
Agricultural activities and pesticide exposure-related information for study participants during the past year were the number of cumulative planting years, planting areas, working duration in the greenhouse, the number of years of pesticide use, whether pesticides were mixed in a spray, the average spray length), pesticide spraying methods, and protection awareness and attitude. The information was collected by face-to-face interviews using a self-administrated questionnaire. Personal protective equipment (PPE) use was measured as previously described 24 using a multiple choice question: "What protective measures did you take when using pesticides?" Response options were "none", "masks", "protective suit", "protective goggles", "protective gloves", and "protective rubber shoes". A lower PPE score represented better personal protection.
The personal hygiene (Hyg) score was aggregated from three single choice questions: Question 1 was "After spraying pesticide, when do you usually wash or change into clean clothes?" Response options were "immediately", "after going home that day", or "do not usually change clothes". Question 2 was "When do you take a shower after spraying pesticides?", and question 3 was "When do you wash your hands after spraying pesticide?" Response options for both questions were "immediately", "the same day", or "do not wash that day". A previous validation method 23 was used to calculate the Hyg score, with a lower score representing better personal hygiene habits.
Demographic variables
Sex, age, ethnicity, education level, marital status, family income status, and lifestyle were also considered. The family income status was calculated as the raw family income minus the total family expenditure, then quartered. 'Quartile 1' represented the lowest family financial status, while 'Quartile 4' was the highest family financial status. Data quality control methods were performed twice by telephone interview to complete key missing information, which was checked if any inconsistencies were detected.
Statistical analysis
Analyses were performed using Stata 15.0 software (StataCorp LP, College Station, TX, USA). Differences in agricultural activities, pesticide exposure, lifestyle characteristics, and symptoms between groups were examined using the chi-squared test or Fisher's exact test for categorical variables, and the independent t-test or MannWhitney U test for continuous variables.
The Vuong statistical test 25 was used to select models. If the value was positive, then a zero-inflated Poisson regression (ZIP) model was selected; otherwise, a standard Poisson regression model or negative Poisson regression model was used. Incidence-rate ratios (IRR) and 95% confidence intervals were reported for Poisson regression models. The ZIP model was used to identify associations between agricultural activities and other respiratory symptoms because the Vuong value was larger than zero.
Ethical Approval
Ethical approval (No. 2014-090) for this study was obtained from the Medical Ethics Committee of Ningxia Medical University, and verbal consent of the respondents was obtained before the interviews were conducted.
Results
Among the 1,366 greenhouse vegetable farmers, respiratory system diseases were confirmed in 49 participants. The prevalence rate was 3.59%, and there were 33 patients with chronic bronchitis, two with emphysema, eight with asthma, and eight with other diseases. Two subjects had two types of respiratory diseases simultaneously: chronic bronchitis and asthma. Table 1 shows the demographic, agricultural activity, and lifestyle characteristics of the participants, and differences between groups. Participants who were married had a significantly lower prevalence of respiratory disease than other groups (unmarried, 11.90%; married, 3.01%; others (divorced or widowed), 17.86%). Participants with higher PPE scores showed a significantly higher prevalence of respiratory diseases than those with lower scores.
The prevalence of symptoms between cases and controls is shown in Table 2 . Significantly higher frequencies of all symptoms were observed in cases compared with controls.
A multivariate Poisson regression model was then used to assess the association between agricultural activities and respiratory diseases and hemoptysis symptoms because the Vuong value was less than zero. Table 3 shows that several agricultural activities were not associated with respiratory disease. However, planting areas was shown to increase the likelihood of aspiratory diseases by 7.2% after adjusting for lifestyle factors.
The association between agricultural activities and symptoms is shown in Table 4 . Associations between mix spray methods (hand and machines used together) and symptoms of cough, tachypnea, and chest distress were estimated to be 1.740-, 3.385-, and 2.882-fold more likely than hand spray, and significant associations were detected using empty, general information, and lifestyle informationadjusted models. For hemoptysis, the mix spray method appeared to serve as a protector against respiratory diseases. Average spray time was negatively associated with tachypnea, while a long duration of spray time was associated with a low tachypnea prevalence rate. A long planting year significantly lowered the occurrence of cough (P<0.05).
Discussion
An increasing number of studies have investigated the relationship between agricultural-related activities and respiratory disease among farmers, but not all have shown a positive association. Respiratory symptoms associated with work intensity and chemical exposure have been documented in animal farmers from south Germany, 2 and agricultural activities were related to system diseases in greenhouse farmers from Northeast China. 26 However, these findings are inconsistent with those of the present study, which detected no associations between pesticide exposure, PPE, Hyg, and respiratory disease. We showed that the prevalence of respiratory disease among greenhouse farmers was 3.59%, which is lower than that seen in European farmers (including open-field and greenhouse farmers with rates of more than 20.00%), 4 Icelandic animal farmers (9.4%), 27 farmers from southern Brazil (asthma symptom prevalence >10%), 11 New Zealand farmers (current asthma prevalence, 11.8%), 28 sheep breeders in southern Germany (20.9%), 2 Northeast China greenhouse farmers (COPD prevalence, 12.6%), 29 and the general Chinese population. 30 The prevalence was also lower than the 14.91% reported for an old population from Gansu province, Northwest China. 31 It is therefore possible that the younger age of the participants in this study (average age, 46 years) was responsible for the lower rate of respiratory disease, although the prevalence was higher than that for self-reported asthma in a similar age population of India (2.82%) to those of the current study. 32 This age corresponds to the prime of life, 33 and overall good health may hide or delay corresponding disease occurrence. Another possibility is that rural vegetable greenhouses typically have less plant dust than open-air farming, which may reduce a correlation with respiratory disease. 11 Our results were in accordance with the prevalence seen in Iceland in a study that showed respiratory disorders were not more common in farmers than in the general population. 27 The lower prevalence of respiratory diseases in greenhouse farmers may also reflect the healthy worker effect, 28 and the fact that modernization of the agricultural environment has had a positive effect on workers' health. 27 The self-reported prevalence of symptoms in this study was 17.21%, 8.56%, 10.25%, and 1.61% for cough, tachypnea, chest distress, and hemoptysis, respectively, which is lower than that previously reported for animal farmer-related respiratory symptoms (38.4%) 2 and in a survey of organic farmers (22.0%). 34 Our study also showed an interesting significantly negative association between other behaviors carried out during spraying and respiratory disease. It is conceivable that this reflects the lack of a precise definition of 'other behavior' in the questionnaire, and this should be clarified in a future study of longitudinal design.
Previous studies 4, 11 indicated that work in greenhouses was associated with an increased risk of respiratory symptoms. We showed that mix spray technology was positively associated with three major symptoms: cough, tachypnea, and chest distress, while decreasing the risk of hemoptysis. This is in accordance with a study performed in southern Ghana, 13 which revealed a positive association between pesticide exposure and prevalence of respiratory symptoms. The mixed spray method may increase exposure to pesticides, resulting in pesticide residues, organic and inorganic dusts, and disinfectants entering the body through respiration. [13] [14] [15] This can impact on the respiratory system, leading to rhinitis, asthma, asthma-like syndrome, chronic airway disease, allergic pneumonia, and interstitial fibrosis. 35 Mixed spray activities could also lead to coughing, shortness of breath, and chest tightness, although our work suggests they reduce the risk of hemoptysis; additional data are required to verify this. No significant association was detected between mix spray use and respiratory symptoms in our study, which could reflect the small sample size.
The present study has a number of limitations. First, recall bias was evident in the information collected about respiratory diseases and symptoms and agricultural activities. Second, the cross-sectional design of the study prevented causal inference. Third, the types of pesticides used were not recorded. Fourth, data were collected at a single time point so did not consider seasonal effects of agricultural activities and pesticide usage. Finally, the study was conducted in Yinchuan City, so it may not be representative of all greenhouse farmers in China. Further long-term studies with a fixed-line follow-up are necessary to determine the long-term health effects on a mature labor force.
Conclusions
Despite the above limitations, this study showed that the prevalence of respiratory disease is lower than that reported in corresponding studies. We found no direct association between agricultural activities and respiratory diseases, although some disease symptoms were documented, which could lead to cumulative effects over time. Use of mix spray technology may be a major contributing factor to symptom development, so local governments should encourage farmers to use machine spray technology as an alternative.
